IMPORTANCE Cutaneous squamous cell carcinoma (CSCC) is one of the most common malignant tumors worldwide. There is conflicting evidence regarding the indications for and benefits of adjuvant radiation therapy for advanced CSCC tumors of the head and neck.
N onmelanoma skin cancer is the most common malignant tumor in the United States, 20% of which are cutaneous squamous cell carcinomas (CSCCs).
1,2 Roughly 80% of these CSCCs occur on the head and neck, and their incidence has been increasing. 3 In general, cure rates exceed 90%
with early-stage disease [4] [5] [6] ; however, patients with locally advanced or regionally metastatic disease have higher rates of recurrence, with some reported 5-year overall survival (OS) estimates less than 50%. [7] [8] [9] [10] Optimal treatment of advanced CSCC remains controversial because there are only a few large retrospective series that describe clinical outcomes, and no randomized clinical trials are available to guide decision making. Dermatologic series for all CSCCs have demonstrated that tumor differentiation, diameter, depth of invasion, and perineural invasion (PNI) are indicative of recurrence and poor survival. 7, 9, [11] [12] [13] [14] [15] [16] In advanced disease of the head and neck, factors such as immunosuppression, parotid and cervical nodal disease, and metastatic node size have also been associated with poor outcomes. 8, 10, [17] [18] [19] [20] After high-risk features have been identified, the question of which patients benefit from adjuvant therapy remains. Historically, recurrent tumors or tumors with PNI and increased diameter have been treated with postoperative radiation therapy. 21 There is variability in the literature, however, regarding the efficacy of adjuvant therapy, with some studies 22-26 noting improved locoregional control and OS and others reporting no difference in either. Given the ill-defined guidelines and inconsistent data in the literature on which factors are indications for adjuvant therapy, our objective was to compare outcomes between patients who underwent surgery alone with those who received adjuvant therapy and to assess whether adjuvant therapy was associated with disease-free survival (DFS) or OS.
Methods
Patient data were collected by querying the electronic medical records of patients seen at the University of California, Davis, and Washington University School of Medicine, St Louis, Missouri, for International Classification of Diseases, Ninth Revision (ICD-9) codes and identifying patients with CSCCs of the head and neck treated from January 1, 2008, to June 30, 2016. All patients undergoing primary surgery with or without adjuvant radiation therapy with curative intent for CSCCs were included. Patients were excluded if they had distant metastases at presentation, were treated with palliative intent, had no residual cancer found on excision, or had less than 3 months of follow-up. This study was approved by the institutional review boards of the University of California, Davis, and Washington University School of Medicine, and the need for informed consent was waived by both institutions because of the retrospective nature of data collection. All data were deidentified. We collected patient data (age, sex, immunologic status, and history of radiation therapy) and tumor characteristics (primary site, diameter, margin status, lymphovascular invasion, PNI, presence of regional nodal disease, histologic differentiation, adjuvant radiation therapy, and whether tumors were recurrent at presentation). Depth of invasion was rarely described on pathology reports; therefore, these data were not collected. The age variable was categorized into 2 groups: younger than 70 years and 70 years or older. The diameter variable was grouped into smaller than 2 cm, 2 to 4 cm, and larger than 4 cm given the American Joint Committee on Cancer threshold of a 2-cm diameter as a high-risk feature.
11 Histologic differentiation was grouped as poorly differentiated and well to moderately differentiated. Collected outcome data included recurrence, date of recurrence, location of recurrence, date of last follow-up, and date of death. When date of death was not available in the electronic medical record, the Social Security Death Index was queried. Surgical resection of primary tumors was performed with the goal of achieving negative margins through wide local excision and included radical and craniofacial resection when appropriate. Patients with positive margins at the dura deemed to be unresectable were excluded from the analysis. Decision to perform a parotidectomy and/or cervical lymphadenectomy was made by the primary surgeon (P.P., R.S.J., M.G.M., D.G.F., or A.F.B.) for each case, with patients undergoing therapeutic lymphadenectomy for clinically evident disease or elective lymphadenectomy when deemed at high risk for nodal failure. High-risk patients were generally defined as patients with recurrent tumors, those with tumors larger than 2 cm, immunocompromised patients, or those with PNI; however, no strict cutoff was used.
4,17,23 Adjuvant radiation therapy was delivered at the discretion of the radiation oncologists (K.N.B.N., S.R.). Statistical analyses were performed using SPSS statistical software, version 25.0 (SPSS Inc). Five-year estimates of DFS and OS were made using the Kaplan-Meier method. Patient and tumor characteristics were compared between treatment groups with a χ 2 analysis. The associations of patient and tumor characteristics and adjuvant therapy with survival were examined with univariate and multivariate Cox proportional hazards regressions. A subset analysis was then performed to determine which patients with high-risk features had improved survival with adjuvant therapy. Kaplan-Meier logrank test was used to determine 1-sided P values. P < .05 was considered to be statistically significant.
Key Points
Question Is there an association between adjuvant radiation therapy and survival in patients with advanced cutaneous squamous cell carcinoma, and which patients benefit the most from addition of adjuvant therapy to surgical treatment?
Findings In this multi-institutional study of 349 patients with advanced cutaneous squamous cell carcinoma, adjuvant radiation therapy was associated with improved disease-free survival and overall survival in patients with perineural invasion and regional adenopathy.
Meaning
The findings suggest that patients with perineural invasion and regional disease benefit the most from addition of adjuvant radiation therapy to surgical treatment.
Results
A total of 349 patients met the inclusion criteria ( Table 1 . The mean (SD) follow-up time was 37 (55) months. There were 97 documented recurrences, and 64 (66%) of all recurrences were local. The 5-year Kaplan-Meier survival estimates were 59.4% for DFS and 47.4% for OS.
A total of 176 patients (50.4%) received adjuvant radiation therapy, and another 15 (4.3%) received adjuvant chemoradiation therapy. Patients with larger, regionally metastatic, poorly differentiated tumors with PNI or younger immunosuppressed patients were more likely to receive adjuvant radiation therapy than were other patients. These results are summarized in (Figure 1) . On multivariate analysis, however, adjuvant radiation therapy was associated with improved OS in the entire cohort (HR, 0.59; 95% CI, 0.38-0.90) ( Table 3 ). A subset analysis was then performed for patients with PNI and regional disease, controlling for all other tumor characteristics given the association of these factors with survival. In a subset analysis of tumors with PNI, adjuvant therapy was associated with improved DFS (HR, 0.47; 95% CI, 0.23-0.93) and OS (HR, 0.44; 95% CI, 0.24-0.86). Adjuvant therapy was also associated with improved DFS (HR, 0.36; 95% CI, 0.15-0.84) and OS (HR, 0.30; 95% CI, 0.15-0.61) in patients with regional disease (Figure 2) . There was no association between adjuvant radiation therapy and DFS and OS for T3/T4 or poorly differentiated tumors.
Discussion
Although recently published data have improved our knowledge of factors associated with recurrence and survival for advanced-stage CSCC of the head and neck, the evidence behind treatment recommendations for adjuvant radiation therapy remains limited. 5, 11, 17 Given the increasing incidence of CSCC and the high morbidity and mortality of this disease, more data are needed to help guide adjuvant treatment recommendations to improve survival outcomes. 2,7-10,18,19 Our study included 349 patients with advanced CSCCs of the head and neck, 54.7% of whom received adjuvant radiation therapy. To our knowledge, this is the largest series to date specifically examining the role of adjuvant radiation therapy in treatment of advanced CSCC of the head and neck. In the present series, patients with tumors with PNI, increased diameter, poor differentiation, or regionally metastatic disease were more likely to undergo adjuvant therapy. Although these findings have been described as high-risk features for CSCC, only PNI and regional disease are currently recognized indications for adjuvant therapy.
22-24 When controlling for patient and tumor characteristics, adjuvant radiation therapy was associated with a survival benefit in the entire cohort. Adjuvant radiation and chemoradiation therapies have been associated with improved outcomes in a number of studies of patients with advanced head and neck CSCCs, although the exact role of chemoradiation therapy is unclear. 9, 18, 19, 21, 27 On subset analysis of the 136 tumors with PNI, adjuvant radiation therapy was associated with improved DFS and OS. Despite acceptance of PNI as an indication for adjuvant therapy, the evidence for this recommendation is limited. JambusariaPahlajani et al 28 published a systematic review of dermatologic series in 2009 that found no benefit to adjuvant radiation therapy after surgery for tumors with PNI. In one of the few series that addressed PNI in advanced head and neck CSCC, Warren et al 26 found a DFS of 62% after treatment with surgery and adjuvant radiation therapy in tumors with PNI, similar to our DFS rate. They also found a disease-specific survival rate of 75% and overall survival rate of 64%. They did not, however, provide a direct comparison to patients who received surgery alone. Balamucki et al 29 determined that clinical PNI was a poor prognostic indicator for local control and found a DFS benefit with the addition of radiation therapy. Our data suggest that patients with PNI in particular benefit from the addition of adjuvant radiation. On subset analysis of the 123 tumors with regional disease, receipt of adjuvant radiation therapy was associated with improved DFS and OS compared with treatment with surgery alone. Veness et al 21 studied 167 patients with CSCC metastatic to the lymph nodes and/or parotid and found that those treated with surgery had survival outcomes inferior only to those of patients treated with surgery and adjuvant radiation. On the basis of their study, they recommend adjuvant radiation therapy for those with metastatic CSCC to provide the best chance of locoregional control. In their study however, less than one-third of patients received adjuvant therapy. Similarly, Ch'ng et al, 19 Givi et al, 9 and
Pfister et al 12 found that patients with head and neck CSCC and regional disease who received adjuvant radiation therapy had a significant survival advantage.
Limitations
We acknowledge that the retrospective nature of this study and the inherent selection bias for patients who received adjuvant radiation therapy may limit the conclusions that can be drawn from these results. Of importance, some of the patients in this series completed adjuvant radiation treatment at outside institutions, and we cannot account for variations in administration. Additional studies evaluating the specific role of radiation dose and field design for tumor control would be of great value. Additional prospective studies are needed to determine the efficacy of adjuvant radiation therapy in patients with advanced CSCC of the head and neck and specifically which patients may derive the most benefit. 
Conclusions
In our series of surgically treated advanced CSCC of the head and neck, adjuvant radiation therapy was more commonly given to patients with PNI, increased tumor diameter, poor differentiation, or regionally metastatic disease. In patients with PNI and regional disease, adjuvant radiation therapy was associated with improved survival compared with surgery alone. 
